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(54) PROJECTION EXPOSURE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a smaller microscopic pattern by a method wherein 
the partial coherent coefficients, which correspond to those of circular secondary light 
sources having outer and inner diameters equal to those of torus-shaped secondary light 
sources, of the torus-shaped secondary light sources are set at a value within a specified 
range, the reflectance of exposure light from a substrate to be exposed is set at a specified 
one or lower and the film thickness of a resist is formed in a thickness of the value or lower 
of a specified formula. 



SOLUTION: An antireflection film 3 is formed on a silicon wafer 1 , which is j; )/ 

mirror-finished, so that the reflectance of exposure rays is 0.5% or lower and a resist film 4 
is formed on this film 3 in a thickness of 3.λ/(2n) or thinner. Here, the (λ) 
is assumed an exposure wavelength and the (n) is assumed the refractive index of the resist 
film. Therefore, the resolution of the resist film can be significantly enhanced. Here, by 
using torus-shaped secondary light sources, which have the mean value (σm) of the 
partial coherent coefficients to correspond to those of circular secondary light sources 
having outer and inner diameters equal to those of the torus-shaped secondary light sources 
within the range of 0.61 to 0.73 and have the value (Δσ) of 1/2 of the difference between their coherent 
coefficients within the range of 0.05 to 0.15, in combination with each other, a high-resolution pattern transfer can be made 
even in a low contrast of about 0.4. 
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% * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Projection exposure is carried out at the resist which formed the pattern on an 
original-drawing substrate on the exposed substrate through the projection optical system, and this invention relates to the 
projection exposure method which forms the resist pattern corresponding to the pattern on an original-drawing substrate 
through development etc. in order to form detailed patterns, such as a semiconductor integrated circuit 
[0002] 

[Description of the Prior Art] Projection dew using the projection aligner in order to imprint the detailed pattern on 
original-drawing substrates, such as a reticle and a mask, on exposed substrates, such as a semiconductor wafer Drawing 9 is 
the block diagram of the conventional typical projection aligner. A mercury lamp, an excimer laser, solid state laser, etc. are 
used for this conventional kind of projection aligner as the primary light source. In drawing 9 , the case where a mercury lamp 
was used as the primary light source was shown as an example of representation, the light from a mercury lamp 1 5 was 
condensed by the ellipse mirror 16, the flux of light was operated orthopedically, and the condensing optical system 17 which 
becomes an optical axis from a lens, a mirror, etc. of the plurality mostly made parallel or the singular number is led to the eye 
lens 1 8 of through and a fly. ' 
[0003] The reflective mirror 19 is bearing the duty which is passed to exposure, and makes and removes an unnecessary heat 
ray to it, without if possible reflecting while it changes the direction of an exposure beam of light and makes equipment 
compact. Prism may be used instead of a mirror. In drawing 9 , although only one reflective mirror 19 was drawn since two- 
or more sheets are used, an optical path is bent arbitrarily. When using an excimer laser, solid state laser etc as the primary 
light source, the optical system which extends the flux of light and is led to the eye lens 18 of a fly with a lens is used in many 
cases. Moreover, the optical element changed into wavelength, such as a double cycle and a 4 time cycle, may intervene. In 
addition, in drawing 9 , 20 is a filter which penetrates only predetermined wavelength, in order to attain single 
wavelength-ization. 

[0004] The eye lens 1 8 of a fly is the aggregate of the diameter lens of a small sum. This condenses with the condensing 
optical system 22a and 22b which consists of a lens etc., and it is made to make an exposure beam of light superimpose so 
that the injection light from each diameter lens of a small sum to constitute may cover and illuminate the whole region of the 
exposure field of the original-drawing substrate 21 respectively. By this, it is the structure which raises the homogeneity of 
hghting. The reflective mirror 23 is for changing the direction of an exposure beam of light, and making equipment compact 
The duty which exposure is made to pass an unnecessary heat ray and is removed like the reflective mirror 19 may be given to 
this. Moreover, smce two or more reflective mirrors 23 are used, an optical path can change a direction arbitrarily 
[0005] In addition, an optical fiber bundle may be used instead of the eye lens 18 of a fly. Moreover, combination, such as 
prism, a lens, and a mirror, once divides into some the light which comes out of the primary light source the divided flux of 
light may be made to superimpose on the original-drawing substrate 21, and the homogeneity of lighting may be raised 
Moreover, the eye lens and optical fiber bundle of another fly may be placed before the eye lens 18 of the fly which finally 
carries out superposition lighting of the original-drawing substrate 21, or an optical fiber bundle, or the eye lens of a fly an 
optical fiber bundle, and other flux of light division and a superposition means may be used together. 
[0006] And since the outlet of the light which carries out superposition lighting of the original-drawing substrate 21 
equi valent to the injection mouth of the eye lens 1 8 of a fly serves as the apparent light source which illuminates the 
origmal-drawmg substrate 21, it is called secondary light source. The method of specifying the configuration of this secondary 
light source is arbitrary. In usual, it makes it possible to arrange the drawing 24 of the fixation for controlling the size and 
configuration of the secondary light source, the size adjustable, or exchangeable structure near the injection mouth of the eye 
lens 18 of a fly and to acquire arbitrary configurations easily. Moreover, the image of the secondary light source is formed at 
once between the eye lens 18 of a fly, and the original-drawing substrate 21, it extracts to the position, and 24 is arranged in 
many cases. ° 

[0007] The original-drawing substrate 21 has the pattern which consists of a shading object, a halftone shading object, phase 
sh.fters^ or those : arbitrary combination, such as chromium, on the substrate of light-transmission nature, such as a quartz and 
glass. Of the light wh.ch illummates this original-drawing substrate 21, the pattern image of the original-drawing substrate 21 
is formed in the surface positton of the exposed substrate 26 through a projection optical system 25. As a projection optical 
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system 25, what combined the projection lens, or a mirror and a lens is used. The aperture diaphragm 27 which specifies the 
nSSoPn*"?" ° f beam ° f ' ight Which reaches &e ex P° sed substrate 26 is put on a part of projection optical system 25 
10008] By drawing^ , the projection optical system 25 which used the projection lens is drawn typically, and signs 28 and 29 
show the lens group in a projection lens. If the exposed substrate 26 in which the resist film was formed on the front face is 
arranged and the original-drawing substrate 2 1 is illuminated, the light figure corresponding to the pattern on the 
original-drawing substrate 21 will be formed in a resist film front face of a projection optical system 25 By this a resist 
exposes according to the strength of an optical distribution of the projection image. If a development is given to'this exposed 
resist film, the pattern of the resist corresponding to the projection image will be formed. 

[0009] In the projection aligner for detailed pattern formation, the pattern on the original-drawing substrate 21 is reduced bv 
the projection optical system 25, and it imprints in many cases. In such a case, since having made the size of the exposure 
field small tends to ra.se the definition ability of a projection optical system 25, a pattern cannot be formed in many cases at 
once all over the exposed substrate 26. Therefore, many exposed substrate installation stages 30 on which the exposed 
substrate 26 is put have the function in which step ANDORE peat is carried out by X- Y stage 3 1 

[0010] In drawing 9 , the beam of light and beams of light 36 and 37 which beams of light 32-35 come out of a mercury lamp 
15 and result in the eye Jens 18 of a fly show the example of the beam of light which comes out of the eye lens 18 of a flv 
and results m the exposed substrate 26. Moreover, although not illustrated, the relative-position detection for carrying out 
alignment of the ongmal-drawing substrate 21 and the exposed substrate 26, the controlling mechanism, the focal position . 
detection for doubling the front face of the exposed substrate 26 with the focusing point position of a projection optical 
system 25, a controlling mechanism, etc. are formed in the projection aligner. 

[001 1] It is made to form a line and a space pattern in such a projection aligner as a judgment index of the resolution which is 
die mmimum pattern size which can be imprinted in the usual case. For example, the optical intensity distribution of the line 
formed on the exposed substrate 26 and a space pattern image come to be shown in drawing 10 . In this drawing a horizontal 
axis is a position on the exposed substrate 26, and a vertical axis is the optical intensity of a pattern image. The maximal value 
Imax of the optical intensity-distribution curve 38 of drawing 10 Minimal value Imin It can be easily understood that the light 
mn m ™ SS 2f PMCm u ^1 Cq u i ?' ent 10 liDC SeCti0n ^ me s P ace section c,arif y> 50 *at * difference is large 

KlSXofT^ 
C=(Imax-Imin)/(Imax+Imin) ... (1) 

S°Jl?Jif H PtiC r t tenSity ' diS ,5 ib u U ^ n CUrve 38 ( drHingJO ) of an image changes according to the configuration and size 
of ^ secondary light source which illuminate the numerical aperture and the original-drawing substrate 21 of a projection 
optical system 25 (drawing ) Moreover, the front face of the exposed substrate 26 changes by which is far apirt from the 
focusing point position of a projection ahgner. On the contrary, if the numerical aperture of a projection optical system 25 the 
configuration of me secondary light source, and a size are fixed and the amount of defocusing of the exposed substrate to a 
focusing point position ,s deeded, the optical intensity-distribution curve 38 is determined Jd the contrast of the projection 
image in the image surface can be calculated. projection 

[0014] It is dependent on the sensitization property and development property of the resist itself whether by a certain contrast 
Lt,° P 71 ^ f ,s ^ b , utl0nwhi ? out P eri °<«c change, a resist pattern resolves to a line and a spacJpattem S 
is obtained. For example, ,f the resist of a property as shown below is used, even if contrast is small, a resist pattern wUl' 
resolve to a line and a space pattern, and will be obtained. That is, bordering on the light exposure used as a predetermined 
ftreshold a portion with larger light exposure than the threshold exposes, it reacts at the time of development, JftTportion 

threSh ° ld iS ** ^ * e deve, °P ment P™* s «■* « does not react at all a7me Se 
[0015] However, the dissolution rate to the developer of the exposure section when carrying out wet development of the 

ZZSZSSZ? ^ ^ ° f devel °P ment > for Aep^siL form resistc^s graLl.y 

according to light exposure rather than changes in stairway bordering on the light exposure used as a threshold When 

foT a n n g H°on ^ dcVC J° P T nt ° f ? 6 n< * ativC f0rm resist ' 0r when ""TO out *y development of the resist of a positive 
form and one of negative forms, the resist at the time of development can be taken and, as for the direction changing 

wal nfTni? 8 °" ^• WP 2T? COmm0 "- ,f Pr ° CCSSin8 C0nditi0nS 0Ver 2 resist « fixed . ^ ^de attachment 
wall of the Pattern cross section in which the case where the cross-section configuration of the resist pattern obtained after 
development had the larger contrast of a projection image was formed will approach perpendicularly On me ■ conS if me 

ZTu£L PT T l °«r? e " Sma "' inClinati0n Wi " ,eSSOns fr0m a side wal '. »d a pattens ^Sction 

configuration will tend to become a trapezoid or Yamagata. «ii«u»wiugn 

[0016] Drawing I I is the cross section showing qualitatively the relation between the contrast of a pattern image and the 
cross-section configuration of a resist pattern. When the contrast of a pattern image is large, as forTwingTuS towing 1 1 
(b) shows the case where the contrast of a pattern image is small. As for 39 and 40, in thif drawin g a re5 patt emSfa^ 
S^^TTi f), it is hard coming to resolve adjoining patterns in exposure ™ 

inclination angle alpha of a side attachment wall becomes small. 

[0017] By the way, according to a present resist and its present used technology, the contrast which can resolve l t* l ii n **„* 
resoS 

resolution lunrt, and ,f drawing which took contrast for the spatial frequency of a patten, along the vertical axiX fte 
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horizontal axis is drawn the spatial frequency of an intersection with the line which shows the calculation result of the straight 
hne of comrast =0.6 and contrast will give the resolution limit. It mainly depends on the wavelength of an exnc VL f 
hght, and me numerical aperture of a projection optica, system 25 ( dnL^Q ) for Z 3i ZL > 
formed of projection exposure. However, even if it fixes these, the contrast of a projection image chaTgeTSX 
configurations and sizes of the secondary light source considerably. 

[0018] It is there, next the relation between the configuration of the secondary light source a size and a natt^m i ma „„ 
contrast ,s described. Below, wavelength of an expostrTbeam of light is seUo SKJS -u^i^^^ 
ophcal system 25 ,s set to NA. Drawing 12 is the block diagram showing the relation tetweenTe^SS, 0 ^ SEE? 
die secondary hght source, and the incident ray to a projection lens. As shown in this drawing, 2 bSStSl 
££T ° n8,na, - draWin ^ SUbstrate 2 '. » d * e "earn of light injected from the original Sing' SSS,™ 

K^S? ^ Wing ' * e m j ection beam of 'iBW of the maximum inclination with which beams of light 41 and 42 can enter 
into the incident ray of the maximum inclination, and beams of light 43 and 44 can enter in the aperture dianhra™ , 27rf? 

nsEhTS sy ?T 25 is shown ; ^ a sign 45 is - °p tica, ^ is - in other isssaaxi 5£l 

L J ,, ^ T'i ° Ut ° f * e ha,f Si2e of me direction "«« of incidence of thT bem of light which bnSt 
original-drawing substrate 2 1 from the point on psi and the original-drawing substrate 2 1 here sets Z SZh^r • 
mjection direction range which can enter in the aperture diaphragm 27 oTa^ecS W^£t£SS££l u 
case the numerical aperture when seeing the secondary light source from the original-dewing subsntte > 21 toota at a 
H5S7 1 r C3 ' SyStCm 25 fr ° m Sinpsi aDd 11,6 original-drawing substrate 21 is sinphi 8 ' 

Sigma=sinpsi/sinphi ... (2) 

[0021] In the projection aligner by which the image of the secondary light source has come be made in the Dositim. nf ,h» 
ap^re diaphragm 27 of a projection optica, system 25, the Hk^SLta (3) can tJZ^cS^Sor 

sigmaKradius of secondary light source images in position of aperture diaphragm 27)/(radius of an aperture diaphragm 27) 

II333iSS!3S,SSS& 

K ?" "™ neria " "i"""" NA of ' !«*«"■ optical syssem 25 are shown by the folio™. 

£Se2 S """"""" U ' Clin " i0 " ° f " OP< ' S ' , " bc ™ ° f liehl ™= te *■ ex^SS^M^ 

X^ltSt^' ^ ° f ^ 46 47 » f «* incision wM* re^esthe 

light score., F„ rl his reason, actordillg „, , HnS^S^-S^. °f?T*™ °" *? «»" fi e^tion and sire of the second^ 
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mm ZS™ * 8 ? COnfi S urat,on » d si« of the secondary light source with drawing 24 have appeared 
[0028] furthermore, the configuration of the secondary light source and a size - me improvement in resolurinn ,o„ • 
- good - making - "the projection aligner which makes iTthe feature to have spe^rEr^ 
cheats out ofthe mtensity distribution within a injection side of the secondary light sJ^^S^S?^, * 
from center-section intensity" is indicated by reference 3 OP 6-82598 m Zt^^u T , ™ mates . a retIcle 35 *™ 

using special drawing with opening in a c?c!e as drawL 24 0 tawh,e9 ) In add^K w m 3 ClfCle ,s 11 cons,dered 
with the conventional circuit secondary light source 3 JrSS v 52£t£ P^ ec,,on / x P osurc f™>*ed 

deltasigma= (sigmaout-sigmain)/2 ... (6) 

The distance from the center of an aperture dianhraZ ?7 foT a " ltud ^^ oni frequency between low altitudes at order, 
of^ce^^ 

light figure 50 and the -primary J£i Z m^fltZon^^l' 1^1 +PTimar > diffraction 

drawing 14 ) exactly, that such annulus rtag SSemontS^r ?• ^ f d,aphragm 27 < not shown m 

c^eTofle + primary diffi^ctio^ighi ffi e sfttTSS S£^ "i- ?S ° f ^ ^ where *• 

aperture diaphragm^ shown SSSSu S '* ^ ""^ ^ ^ 5 1 COmes 0utside * e ed S e 49 of an 

27%« is 1/2 or less £ S^S3£^1 1^liSiKdlrJ rf ^ " ^ 
diffraction light figure 51, the /primary dSSdSS 1* P ^ diffraction light figure 50 and the -primary 
or less, mpSJ£tbJZ, SSS£^S^£^! ^ S? 80 pa$S aperture 4*5- 1« 
compared with the case of lighting ~iSeS^ll , P °^° n Wh ' Ch USUa " y has 3,1 outer diame ter as 
figure 50 and the -primary ^Z^^^XJ^^^n^^ ^T* 
0036] TJj, is, in drawing (cj it becfmesS tefflS^ ** S0UrCe 15 lar ^ 
(Area ofthe area/annulus ring of a slash portion) '«««*sv/>. 
> { (a*a of a slash-partial-t-less ground portion )area of a /outer-diameter circle} (7) 
f?™& 

contrast ofthe image formed on the «mSSh£ l ™ k , with annulus ring lighting. Consequently, the 

H^mthefi^^ 
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[0037] Drawing 15 is the property view usually showing an example [ calculated value / of the contrast over spatial freauencv 
/ annulus nng lighting ] with lighting. A horizontal axis is spatial frequency and a vertical axis is the contrast of a pattern y 
SS jffiT* \ " ~ m P arin 8/5 mam -0-55. the annulus ring lighting of deltasigma=0.05, and the usual lighting of 
sigma=0.6. The outer diameter of both secondary light source is equal. Drawing 15 (a) is annulus ring lighting and drawine 
FtiVS Am °^ e s P atial fre ™ which cont^F^pTfching at all is the sLVbol «S 

.t turns out that the annulus ring hghttng >s more expensive and a bird clapper, i.e., resolution, goes up the spatial frequencf 
which can secure contrast 0.6 under the conditions of D=0-D=1. 5z. «" frequency 

(0038] Although the improvement factor of the spatial frequency used as the resolution limit has the few amounts D of 
defocusing when small ,t improves notably on the conditions defocused to some extent. For this reason, if annulus ring 

SStoCl 3 ? 5" Pattern . Wm 5 C f °,T d With * e deeper 0f focus - Moreover > me M*"^ which the thickness 
of a resist has on resolution ,s explained as follows. In drawing 11 , the contrast of a pattern image and the relation with Ae 
inclination angle alpha of a resist pattern side attachment wall were described previously. When a problem is simplified the 
inclination angle alpha sticks here according to contrast and it becomes a trapezoid pattern cross USSSSfSff 

ST^ffSS? n 21,8,6 alpha become 1/2 or more [ of space size of 3 ^ ™< a ^ 

£ 0 ci 91 •f 1 I erefO . ^e, ? ° rder J° r f S u° IVe ? C Pattem 0f * is Size which * is hard comin g t0 ™° ]v e> ™ that resist thickness t is 
large, if the inclination angle alpha ,s fixed, and has the same pattern image contract, t become advantageous [ ^ thinner the 

SH"? l °'™«^ es >>™ J" ?• Nation angle alpha of a resist pattem side attachment JXiSEZST 
property of a resist, and, as for a low resist, change of the inclination angle alpha according [ a definition ] to the contrast of a 
pattern image is [ the larger resist of an optical absorption ] in a large inclination. Therefore, the large resist and Z* 
™ of absorption become as advantageous [ the one where resist thickness is thinner ] as a low resist 
[0040] As shown in previous drawing, 15 , to the small pattern of spatial frequency, the contrast of the lighting is usuallv more 
expensive. Moreover, ,f sigma is small as shown in drawing 13 . the contrast in a small spatial-frequicfSd wiKlT 
t 2HT r^u' r U t\ fi !! d 'J he 8 ° 0d PatteT^ffcross-section configuration with ^ZgZ^yS^^ 
mcluiation angle alpha ] to which the direction of lighting made sigma small especially can usually be foLd. on Zi r 

more deSS 8 ^ 8 " reS ° ,Utl ° n ^ ~ ° f CM is ™ printed b * *• *in resist to a 

[0041] . 

[Problem(s) to be Solved by the Invention] As shown above, in the above-mentioned frequency region between altitude which 
can improve contrast with annulus ring lighting, the primary diffracted light and the -pL^^S^c^^ 
aperture diaphragm 27 1/2 or less, respectively. And the amount which can be passed decreases, so that the line onTe 

ZT* £T^ bS T 21 31,(1 ?l Spatia ' frequenCy 0f 3 S P ace P attem beco ™ ™™> » Movement W is not 
so remarkable although contrast of the image formed on the exposed substrate 26 can be made large? than the Tease of me 

SE£ ^"^'f * ^ ?£ SeC ° nda,y light S0Urce m a circle is fi« * e Passage rafe ofTe +p^y ' 
diffracted light and me -primary diffracted light being low. primary 

*° * e . hit wl ! ere me above-mentioned spatial frequency is slightly larger than NA/lambda, although the 

TS£FT%£ e K me u S ab ° Ut 06 ' h Wi " 06 dwindled or less ,0 Oo with of spatial frequency However 

g line (wavelength of 436nm) by the present mercury lamp and i line (wavelength of 365nm), The resist for proTection 
exposure which uses a KrF excuner laser (wavelength of 248nm), an ArF excimer laser (wavelength of 193iuTete £ the 
primary light source When thickness is set to about 0.5-1.2 micrometers which is MiOd^M^S^^^^ 

£tSof^^ 

[0043] moreover pattem formation can be carried out by such about 0.6 contrast - high - it is made for the light exposure of 
a near portion and the basic component near the exposed substrate 26 to have become* the same as possible on the suSce 

2?SnS? C r ! ? ^ eXP °r Sed reSist ^ as thick a resist as possible That is, inToojS for JET 
and the resist for . lines U has made as [ increase / greatly / low resist permeability / by exposure ] * the time of an exposure 
pern,eablh * ,s en,ar £ ed from beginning in the object for KrF excimer lasers, and the 0^ ^^ 

f£t? f reaSOn ' a u PattCm iS fonned ' even if me mclina tion angle alpha of a side attachment wall makes resist 
Uuckness thin in near and the above-mentioned range at about 80 degrees or more and a perpendicular nZ contrast of L 

ESSSTS"* reS ° 1Ved iS n0t Chan8Cd - M ° ie ' resist * U «- w as not ablTto be madelS SST 
resolution lunit has not been improved notably. When resist thickness was made still thinner, the influence of reflfciive from 
an exposed substrate arose notably, and it was impossible and to form a good pattern of reflective from 

h^ifV S ^ P ^ 6 u f 11,6 1$t Standin8 Wave 0f *« mfluence of reflective.' It is a standing wave that an exposure 
Sdl tLtS eaCh f eT * C rCf ! eCted ray fr ° m *■ fr0nt face rffl » ex P osed ^stratf 2 Id prl«s 
ESS* y T P ° S,t,0n WhCr f ° ptlCal 15 stron 8> «" 3 weak position in the thickness dire ction ofTresist If 

the transparency of a resist increases, the amplitude of the reflected light will become large as a result aV««Mu,^ZT' 
standing wave will become large. And if resist thickness is made thinfsince SSe^S jt 

rbS 
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[0046] Drawing 1 6 is the cross section showing the influence of the pattern formation on the standing wave In this drawing 
2Sl F * C rCS,St P ? tteniS fonned °" * e cx P° scd substrate 26 - ^ drawineie (a) shows the case where aSSSL 
» inSlr. 8 a r Ve A^ P,, ? dC " Sma "' ^ W sh0WS 1116 ^e-=fa7eLt is thin^d a s JdL g wav 

tah£nt£ ?K U8h 3 ^ Wi " bC m3de if 3 resist is * ick ^ a w ™ amplitude is small f Zero cannot 

unpnnted ,f a resist becomes thin and a standing wave amplitude becomes above to some extent In the case KTS 

Snprted Cr ° SS " SeCt, ° n COnfigUrati ° n ^ *** fa 54 is 3 whSl should ^riSty fcT^ 

rK J In 3ddit i on ' c f le ,e . n S* 40 of * e °Pti«l density distribution which change in the period of a standum wave i e th, 
thickness direction of a resist, It is shown by the following formulas (8) 8 ' ' ^ 

t0=lambda/2n... (8) 

substrate, and how depending on which the beam-of-lieht ctoud which carrier nut im^ 8 ^^ om 311 ex P osed 

[0049] If a resist is transparent and the reflection factor of the exposure beam of lioht in th* * 

sigmaout=sigmam+deltasigma=l,0...(10) jaresnown. 

used as the same resolution limit spatial frequency is put in a row ire< l uenc y- And the point of the lighting conditions 

field will deteriorate, an expo S«to™ S.T, ^* 6 ''^6 homogeneity in the exposure 
the edge of the pattern aggregate wiirdeteTorate T^e ^ e^ore Thn Tfl l k 6 ' ° f 3 ^ W1 " deterior «e, or the pattern in 
problem does no, producfnoU^ f * h,£h reS °' VinE ^ *" abov «ioned 

[0055] Th,s invention is made in order to cance. the above troubles, and it aims at enabling it to form a more detailed pattern. 

^^S2S!^£^M^r "TP m Vt* WWCh * e «* 0f wavelen ** with 

originaNdr^wig ubsnTe By £ £S££ a T nt ™ J^ted the portion with strong optical intensity in a circle a, an 

orig^a.-drawing 8 -tS^^ ^ *"* *• P atte ™ ° n " 

exposure method that expose in the projected orok^S, J^J , "T^" CXp0Sed substra,e to * e P ro J ection 
original-drawing substrate to a resist us£ me ™K ? J ^3*"? J"** mpdDtS P attem on 3,1 

using the resist of n, ,t ,s performed as follows. First, the average of die partial coherence 
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ai.tenec.Kin film, since Che influence of reflective from an exposed subsra? tSltabS T " . ■ 

« used as an origiml-drawiug snbsrae 1 of • nfiTlTl T v ?"»"",« s of a line pair space were formed 

altera. *1 a to* of a reticle K^tL saieTJofo lS ,T.H "T?" Clm>mll,,n and used *« I""* 

of the aniirefleclion film SWK by TOKYO™ kS^O^, to£ T ?f 2 ' ^"""y. "« »pin C<M 
about 0.2-micrometer thickness is taed swv k SST j ? " , ' ' 5 , t 2™ d 01 "' "■ and " e antireflecjion film 3 of 
in Resist Techatolog/^SiSui j JXJ ftM? 11!, f " " <6 T ? 2954 10 SPIE V <" " 1 Ad ™«» 

"f-antfreflecJklTTtS 

using i line as the light source, and is abbreviaion 10 ahcnif 0 ZlZJZZZ, r A ' P"***" ali S"er 

exposure benm of light, and K365I 2 11 S^rai^h^ t^T is fc ™™'°»» "« 

vdote rectangnta, hend - light exposure - ,« S u^dTSSSL; ^3£5 J, 6 " tr"" 2 *? " 
head - light exposure ~ 1 75 m J/cm2 it is exposure - 1 70 mj/cm2 and a white round 

clearly from this dwSTJS £S of mell™ ""fTf™ l*"** n0t reS0,vin S is shown 50 «* 

and the retractive indexlf » SjfiKtal AlEXS* V ^ ""J*** ta fa ^ t0 ** 

formed on the silicon wafer 1 by whXe S JSLT"^ m film 3 is 

dn*win 8 2 and light exposure will be ^^d^'l^S^S^ " "T^ ^ aforem ^oned 
pattern line breadth near design line breadtt £ o^^^ D nS^^l^ tW{leCUOn Rha 3 fr ° m * e ^P™' 
film with which the reflection Tfactor of an ZSS!Xm!SS!i!!!^ t 7 ^ ° f ?" reflCCti ° n factor Potion 
necessary is just to form an antireflecnon 
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[0064] Moreover, they are about 1 .25 ta(s) about the thickness of the antireflection film 3 of absorptivity from drawing 2 If 
U ,s the above, change of Ae line pattern line breadth imprinted will become -20 - 25% or taTESuHSft 

GeneXth/^H ST" *" "° ^ ***** ° { ™ -*«««*■ ** 3 becomes quiet 

£ oread* taSSlr?" %T °r f T" liDe ^ iS ab ° Ut ,0% ' when me above-mention d imprint 

!°" ?" for PVnwe of the thickness, then the predetermined thickness of the P 
antireflection film 3 of a field which changes qutetly, even if there are some variation in process conditions such as 
temperate, resist vscosity, and light exposure, and thickness unevenness of an antireflection nun 3 i „ 5 wnsMer as the 

sSriEf"?? r e w, i ich r ntioned change of p attem ,ine breadth above - w« re „y rsi »"J5 

about th.ckness. If ,t considers as the above, in addition, it is good. If the thickness of an antireflection , film is sldantaed as 
mentioned above even if the thickness of the refractive index, damping coefficient and resist of an Sfc^«fiS2! 
the situation of imprint line breadth is the same as that of drawing 2 antireflection film differs, 

E ™ G °™ m t i r Tn C,i0n ^ ^ ^ ^ ^ ° f high reS0,Uti0n j ,me P° sitive <W resist THMR-iP3300 by TOKYO 

° ? C0 -, LT f ) - was camed out - «• 3,10 a bout 0.2 to about 1.1 micrometers resist film 4 was formed Whatis 
necessary ,s just to make the res.st film 4 more than more than into the thickness, for example, QjaSSSm which can ' 
be formed. This res.st ,s typical , line positive type resist which uses the resin of a novolak sy ten « SS2 A refractive 

SSnf r y ^ l ° ° f 3 StaDdin u g WaW [ 48 ° PP ° sed t0 ' « 168 «* ' " line 1- » * 0J086 ScremSS 

[0066] The line and space pattern on the original-drawing substrate mentioned above on the silicon wafeT 1 shown above 

WSKT"" T ^.^^^and diawin^ are imprinted. Here, i line 1 / reductt p SSSSiZU 
• of NA-0.57 were used as a projection optical system 25 of this drawing 9 . And it considered as sigmaout=070 anch he 
annulus ring hghtmg of s.gmam=0.56 (sigmam =0.63, deltasigma=bl77a7fte secondary light JSSSL *e S5£ of 
an annulus nng configunt.cn as shown in drawing . In drawing 4 . they are the 

SmTl of P0 T, mt ° ^ the | S, f hSeCti ° n 6 *-=53fcw- moreover only ^X^mVS^S^ 
about 3mm of a reticle around mostly fonned in the center is exposed - as - a reticle blind - applying - K ex™ and a 

So 11 '? ~ ? 6 11,3,(16 ° f °" e Wafer - *« sha P e of a matrix - ^ious - it exposed ^ P 3 

10067] On the other hand, in order to measure resolution, it exposed by completely making other conditio th„ c, m i 

E£rr; s,2e ' ie - * e when makin * a focai ^ **> - «52 Er y> 

[0068] Drawing 5 is the property v,ew showing the change of the highest resolving pattem size when changing lighting 
conduions and resist thickness. In this drawing, a horizontal axis shows the pattern size of thel MfaSSXS*** 
which resist thickness and the vertical axis could resolve, the time of standardizing Xhfctae s of the reS toTSSS? 
I ) by tO =lambda used as the generating period of a standing wave / 2n - resist thickneT^Otf) sS it U iZ *^T^ 

vertical axis is the contrast of a pattem image. Moreover, D is the amVunt of ddbcuri^ rtHKw 2 ft se* to a „ 
1/(0.44-0.46 micrometers) =1 .456-1.392 (NA/lambda) (1 1) 
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Resolution limit spatial frequency is shown in contour line by setting a vertical axis as a horizontal axis and deltasi™ a Th, 

ZESZESTZ ' S . NA/lambda 31,(1 ° nC ha ' f ° f ** ^ numbere of me s P atial fr^encyrdX^ be To m e?a 
resolution. Moreover, the line across s.gmani =deltasigma in drawing 7 is usually equivalent to K&foTSZatoSSZZ 

SSKof ^ ' lehtin8 - * ^ ^ ^ 3C? ^ e '° Wer ^ Sh0ws me -St of at "2 



Sw^tlwiTT^ 2 ^ Sh °7 ^ 0W ' * T.° btalned - FlfSt ' k *>* for ^ relation °f spatial frequency and contrast 

fr C ::;p^ 

D- O 4 !^^ TT^ f ^ / 0m, l r 1 Spatial frequency ' reso,ution limit / case / of D= 1 .5z of drawing 7 (b) / the case of 

iLinplS 2 ^ ■£ 1 ~ °" 6 " " beC ? meS hiBh by leap$ ^ b0mds from fte reso,uti on limi^afFeq™ shown in 
dra 7ff 18 V 1 1,16 case of beui S re< l u ^d Although the resolution limit spatial frequency in D= 0 conL»^S2_T 
resolunon the resolution limit spatial frequency is sigmam from drawing 7 fa), becomes »\ SSSR Sa£ Mortler 
fte resolution lumt spahal frequency in the case of being amount of de focusing D=l 5z considered Zt S TT V 
focus js securable becomes the largest among sigmam 4.61-0.73 femdS) P ° f 

"r 35 refe '7 ed „ 0 l as deltasigma=0.05-0.15. It is betterlo^n^eltasigma or less into 0 15 in general since 
t became high resolving so that deltasigma was small. On the other hand if deltasiema is too ™»llT* I uZZl ,u ™ 

the pattern in the edge of the pattern aggregate will deteriorate. Therefore, deltasigma^ 05 which S.ese ^IS!?' 
S^dSt-^ 

[0076] Thus, considering practical use, suitable lighting conditions serve as the range of the slash field of drawino 7 tw\ Th. 
conditions used in the above-mentioned experiment are also in this range, and the afmulus ^gTghtmg conSof Se I? 
termof a patent Can, are condit.ons which can do resolution most highly in the range which canTecufeZs S depft 0 f 

f??L ?J ^ 0ther ^ * Wil ' be Sigmam if onl y ^ h ^ est resolution is made high. Although it is so good that it i. In™ 
foot much large, a pattern stops resolving by slight defocusing, and it is not realistic TherefoT it is Ettfr to have IJfS ' 
[sigmaout =s,_mam + deltasigma] become 0.95 or less in general. The ring lighting c^S^^ ^^STJ^ 

di^ patent 

[0079] When contrast resolves only to 0.6, in order to make resolution the highest in the range which can secure the nra( *, ra l 

&J«3»^t»S!S__^S£r 

&^SS|£^_s& 
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projection optical system 25 change. 

[0082] Moreover, if the configuration of the secondary light source of annulus ring lighting is a false annulus ring 
SSEi Tt .° St "J*?" T UlUS ™ 8 35 $h0wn « drawing^ (a) - (d) even if it is not the perfect annulus ring shown in 
drawjngjl , it is clear. [ where the same effect is expectable ] sigmam and deltasigmam What is necessaiy is just to assume the 
annulus ring which approximates the shape of these false annulus rings, in order to think. They are the portion into whfch the 
white sect.on injects light, and the portion into which the slash section does not inject light like \ drawing 8 1 drawing Tin 

SSSi? ,S hieh J?- Par l f itr f i0 " ^ fOT 3 Peripheiy ' and il is madc for Penneabliit?Tobecoln7rfby the 

cento- section, as the peimeabihty of the white portion of drawing 8 (d) is shown in drawing 8 fe). 

[Effect of the Invention] As explained above, in this invention, the reflection factor of the projection light from an exoosed 
substrate is made into 0.5% or less by being with « antireflection film etc., « 3t0 It combined Sg SgTfoIlowSg very 

E^T h f TT? u" 1 3 ClfCle - Conse ^ ent, y. 0" ^ exposed substrate, the pattern image to the frequency 
between altitude can be made from the low contrast of about 0.4, and a resist pattern can be formed based on it haXg 
combmed any above two or less by this according to this invention - if - it cannot reach - high - it has the effect thafa 
pattern impnn [ ■ | can be performed By this, large detailed-ization of a semiconductor device, an integrated circuit a 
diffraction grating, a DFB laser, etc. can be attained. & ^ 
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♦ NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

3. In the drawings, any words are not translated. 



CLAIMS 
[C!aim(s)] 



source which is the projection exposure method ^^tTth'ZnZ^%-?7 ° * e I c,rc ? ar W 
the aforementioned secondary lilt source in a cSTK Tv!™! 1 . f me,er Cqual t0 1,16 outer diameter of 

circular secondary light souSe S^^^^S^JlL ? T *** * *e 

is made or less [ 061 or more ] ini 0 7? Th^S^llS^ aforementioned secondary light source in a circle 

reflection factor of the aforementioned pr^ecrion fES^5 2 "TTk 0> ' 5 ° f ^ 7,16 
aforementioned resist film is formed in LiS^iSdSS^!^^^^ " 5% ° r ,esS ' and 1,16 

porTn 2 ^ 

the pattern on the IsLJ^mSS^S^^ V\ ^ Pr ° jeCti ° n ° ptical which Projects 
aforementioned pattern on an mSS^Trh!^ I P °/ SUbstrate ' and forms 11,6 ™8e of ^ 
source which is the pJojeTn e^sttet' ^PtSt^ZZ^^? * **t ^ 
the aforementioned secondary, light source in a chSe^ «~ 2£* ■ i™* 61 ' equal t0 the outer diamet « of 
circular secondary light sou^e w£ haTa di^et™, "T? factor , corTes P^8 to the 

is made or more into 0.73. The partial coherent aS£m«ZJZi ? aforement,oned se condary light source in a circle 
0.95 or less the partial coherence factor , 6 *! SeCOndary li & source whic " makes 

outer diameter of the aforementToned ^S^^^^S^it T* **}* "? 3 diameter ^ ,0 * e 
aforementioned secondary light source in a ch^e oLh^f^ ' • d,ameter equal t0 1,16 ou,er dia ™eter of the 
the circular secondary^ ESS SJ^S^2225SS o^me afo^ ?T ' C0TO P«^ *> 
circle is made into or more 0.05 0. 15 or less value^e reflec T™? Hght SOurce » a 

aforementioned exposed substrate is made 5%Th«^?S^ factor of the aforementioned projection light from the 
lambda / (2n) following and Tk TchaSerized^w aforement,oned resist is formed in the thickness of 3 and 
aforem^ 

method according to claim 1 o?2 * g abS ° rbed ^ ™ tmtl *<*™ film in the projection exposure 

[Translation done.] 
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